Dynamic damage assessment of resistance spot welding for dissimilar plates by using model updating approach by Nazrotul Afina, Nazri
  
  
 
DYNAMIC DAMAGE ASSESSMENT OF 
RESISTANCE SPOT WELDING FOR 
DISSIMILAR PLATES BY USING MODEL 
UPDATING APPROACH 
 
 
 
 
NAZROTUL AFINA BINTI NAZRI 
 
 
 
 
Master of Science 
 
UNIVERSITI MALAYSIA PAHANG 
 
  
SUPERVISOR’S DECLARATION 
I hereby declare that I have checked this thesis and in my opinion, this thesis is adequate 
in terms of scope and quality for the award of the degree of Master of Science. 
 
 
 
_______________________________ 
 (Supervisor’s Signature) 
Full Name  : DR MOHD SHAHRIR BIN MOHD SANI 
Position  : ASSOCIATE PROFESSOR 
Date   :  
 
 
 
_______________________________ 
 (Co-supervisor’s Signature) 
Full Name  : DR MAHADZIR BIN ISHAK 
Position  : ASSOCIATE PROFESSOR 
Date   : 
  
STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has 
not been previously or concurrently submitted for any other degree at Universiti Malaysia 
Pahang or any other institutions.  
 
 
_______________________________ 
 (Student’s Signature) 
Full Name : NAZROTUL AFINA BINTI NAZRI  
ID Number : MMM 16017 
Date  :  
 
  
 
 
DYNAMIC DAMAGE ASSESSMENT OF  
RESISTANCE SPOT WELDING FOR 
DISSIMILAR PLATES BY USING MODEL UPDATING APPROACH 
 
 
 
 
 
NAZROTUL AFINA BINTI NAZRI 
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the degree of 
Master of Science 
 
 
 
Faculty of Mechanical Engineering 
UNIVERSITI MALAYSIA PAHANG 
 
March 2019 
 
 
 ii 
ACKNOWLEDGEMENTS 
In the name of Allah, the Entirely Merciful, the Especially Merciful. All praises to Allah 
the Almighty for His blessings and for giving me strength and patience to complete my 
study. 
A big appreciation to my supervisor, Assoc. Prof. Dr. Haji Mohd Shahrir bin Mohd Sani 
for his invaluable support, encouragement and supervision during the journey of study, 
which allows me to complete my research successfully within the time allocated. I also 
would like to thank my co-supervisor, Assoc Prof Dr Mahadzir bin Ishak for knowledge 
regarding this study. 
I am also grateful towards the members of the Advanced Structural Integrity & Vibration 
Research (ASIVR) focus group for their willingness to encourage and exchange 
knowledge with me during my study. 
My sincere thanks go to my beloved parents, Mr Nazri bin Abdul Kadir and Mrs Yusniza 
Binti Mohd Nawi for their endless love and prayers. 
Finally, thanks to all group members, friends and everyone that had helped me, directly 
or indirectly, to complete my study. 
 
 
 
 
 
 iii 
ABSTRAK 
Struktur kepingan ‘top hat’ yang direkabentuk di dalam kajian ini adalah untuk 
menyerupai bahagian dalam lantai struktur badan kenderaan (BIW), dengan 
menggunakan dua bahan berbeza, iaitu keluli ringan dan keluli tahan karat yang 
dicantumkan melalui proses kimpalan bintik (RSW). Objektif kajian ini adalah untuk 
menentukan dan membandingkan sifat-sifat modal struktur kepingan ‘top hat’ yang 
menggunakan bahan-bahan asas berbeza melalui pendekatan FEA dan EMA. 
Pelaksanaaan analisis sensitiviti dan prosedur pengemaskinian model adalah untuk 
meminimumkan percanggahan antara FEA dan EMA. Akhir sekali, kajian perbezaan 
dalam sifat modal apabila terdapat kerosakan pada RSW dilakukan melalui pendekatan 
eksperimen dan simulasi. Struktur yang ingin diuji dimodelkan di dalam perisian CAD 
dan analisis mod biasa FEA menggunakan MSC Nastran Patran dilakukan untuk mencari 
sifat modal, beserta ujian kesan tukul dengan kaedah menggerakkan sensor yang 
mempunyai 50 titik pengukuran. Kajian ini diteruskan dengan menjalankan analisis 
strategi penyambung dengan menggunakan elemen utuh (RBE), elemen bar (CBAR), 
elemen kimpalan (CWELD) dan elemen rasuk (CBEAM) untuk menyerupai sambungan 
kimpalan sebenar pada struktur dan hasilnya dibandingkan dengan EMA. Setelah 
mendapatkan cara sambungan yang paling diyakini, pengemaskinian model dijalankan 
untuk mengurangkan percanggahan antara FEA dan EMA. Terakhir sekali, kerosakan 
telah diperkenalkan dengan membuang empat kimpalan bintik di bucu struktur pada 
struktur FEA dan EMA yang utuh dan sebarang perubahan dalam sifat modal 
diperhatikan. Melalui analisis yang dijalankan, terdapat beberapa penemuan yang 
dijumpai iaitu CWELD telah dikenalpasti sebagai sambungan yang paling diyakini untuk 
mewakili sambungan RSW dan dari analisis sensitiviti, Modulus Elastik dan ketumpatan 
untuk keluli ringan dan keluli tahan karat ringan telah dipilih sebagai parameter yang 
sensitif menjadikannya terlibat dalam pengemaskinian model. Untuk kajian kerosakan, 
didapati bahawa nilai frekuensi tabii mempunyai penurunan ketara selepas kerosakan 
diwujudkan pada struktur bagi FEA dan EMA. Selain itu, terdapat pergerakan kehadapan 
terhadap graf frekuensi tabii dalam FRF. Kesimpulannya, CWELD adalah elemen 
penyambung yang paling sesuai untuk mewakili kimpalan bintik dan kewujudan 
kerosakan dalam sesebuah struktur dalam mengurangkan nilai frekuensi tabii yang  
memberi kesan terhadap sifat modal struktur tersebut. 
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ABSTRACT 
Top hat plate structure was fabricated in this study to represent floor pan compartment of 
body in white (BIW) structure, by using two dissimilar materials which are mild steel and 
stainless steel that were joined together through resistance spot weld (RSW) process. 
Objectives of this study were to determine and compare modal properties of RSW 
between dissimilar materials using FEA and EMA approaches, to minimize the 
discrepancies between FEA and EMA using sensitivity analysis, model updating 
procedure and lastly, to evaluate the damage assessment of RSW through experiment and 
simulation study. The tested structure was designed in CAD software, and normal mode 
analysis of FEA using MSC Nastran Patran was performed to find modal parameter along 
with modal testing using impact hammer with roving accelerometer method which was 
carried on to the specimen by having 50 measurement points. This study was continued 
with joining strategy analysis by applying Rigid Body Element (RBE), Bar Element 
(CBAR), Weld Element (CWELD) and Beam Element (CBEAM) at the real spot weld 
connection and their results were compared with EMA. After finding the most reliable 
joining strategy, model updating was conducted to reduce discrepancies between FEA 
joining and EMA. At the end, damage was introduced on both intact FEA and EMA 
structure and any changes in modal parameters were observed by removing four spot 
welds at the edge of tested structure. From the analysis, CWELD has been found as the 
most reliable joining to represent RSW connection and for sensitivity analysis, Young’s 
Modulus and density for both mild steel and stainless steel were selected for model 
updating, which was successfully performed on this joining. For damages study, it was 
observed that the value of natural frequencies has significant decrement after the damage 
was rendered in both FEA and EMA studies, which also resulted in a shift of frequency 
to a lower value in FRF graph. As the conclusion, CWELD was the most suitable joining 
to represent RSW and the presence of damage reduced natural frequency values which 
affected the modal properties of a structure. 
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